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[57] ABSTRACT

A plunger pump comprises a cylinder (1); a plunger (2)
reciprocating within said cylinder; a sucking chamber
(1a) formed upon a top of said plunger; a sucking pipe
(4) and a discharge pipe (5) communicated with said
sucking chamber; and slidable means (1) formed upon
an inner wall of said cylinder in the proximity of an
open end thereof. The sucking chamber and the slidable
means are intercepted from each other by an intercept-
ing fluid stream formed therebetween, thereby any con-

taminants occurring from the slidable means are pre-

vented from being penetrated into the sucking chamber,
and discharged outside the plunger pump together with
the intercepting fluid stream.

20 Claims, 7 Drawing Sheets
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1

PLUNGER PUMP

TECHNICAL FIELD

This invention relates to a plunger pump for feeding
ultrapure water, strong liquid and strong alkali liquid, in
which any contaminants occuring from the slidable
means disposed between a cylinder and a plunger are
prevented from being mixed with a liquid flowing in the
interior of the cylinder.

BACKGROUND ART

A conventional plunger/pump will now be discussed
with a reference to FIG. 8.

In FIG. 8, a reciprocating plunger 2 in a cylinder 1
sucks a liquid through a sucking inlet pipe 4 and dis-
charges 1t from a discharge pipe 5. Numeral 2z is a
connecting rod and numeral 3 is a crank shaft for con-

10

13

verting its rotation movement to a reciprocal movement

of the plunger 2. Numeral 1a is a sucking chamber, in
which a certain amount of sucked liquid remains until it
1s discharged from the discharge pipe 5. Numeral 15 is
slidable means disposed upon an inner wall of the cylin-
der 1 and upon an outer wall of the plunger 2. At the
moment the plunger 2 descends, the liquid is supplied
into the sucking chamber 1a through the sucking pipe 4,
which at the moment the plunger 2 ascends, it is dis-
charged from the sucking chamber 1a to the discharge
pipe 5.

A decisive disadvantage of such a conventional
plunger pump i1s that since the slidable means 15 on the
imner wall of the cylinder 1 and on the outer wall of the
plunger 2 is directly communicated with the sucking
chamber 1a, the contaminants occurring from the slid-
ing result of the outer wall of the plunger 2 and the
inner wall of the cylinder 1 are mixed with the liquid to
be highly pure.

In particular, the liquid which is used in the purifying
process when manufacturing medicines, chemical prod-
ucts, semiconductors or the like must maintain a high
purity, but the liquid flowing in the interior of the con-
ventional plunger pump is contaminated by such con-
taminants 1.e. worn matters.

For instance, in the purifying process of semiconduc-
tor products, it 1s known that their yield is greatly de-
pendent upon maintaining a high purity level of the
purifying liquid as an ultrapure water. For this purpose,
it 1s one way of solution to filter the liquid which has
been discharged from the cylinder 1. However, one
problem i1s that after the liquid has passed through a
filter device, its pressure is decreased, thereby its feed-
ing efficiency is reduced. A further problem is that since
the liquid is flowing in a high pressure, the filter me-
dium 1n the filter device will be rapidly wasted.

DISCLOSURE OF THE INVENTION

This invention provides a plunger pump, in which
any contaminants occurring from the slidable means
disposed between a cylinder and a plunger are pre-
vented from being mixed with a liquid flowing in the
interior of the cylinder.

More specifically, the plunger pump comprises a
cylinder; a plunger reciprocating within the cylinder; a
sucking chamber formed upon a top of the plunger; a
sucking pipe and a discharge pipe communicated with
the sucking chamber; and slidable means formed upon
an inner wall of the cylinder in the proximity of an open
end thereof. The sucking chamber and the slidable
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2

means are intercepted from each other by an intercept-
ing fluid stream formed therebetween, thereby any con-
taminants occurring from the slidable means are pre-
vented from being penetrated into the sucking chamber,
and discharged outside the plunger pump together with
the intercepting fluid stream.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1A 1s a section view of a plunger pump accord-
ing to a first embodiment of this invention;

FIG. 1B 1s a section view of a plunger in FIG. 1A, in
which a plunger is depressed;

FIG. 1C is view of a filter provided in the discharge
pipe;

FI1G. 2 1s a section view of the plunger pump in FIG.
1, where 1t 1s inverted up to down;

FIG. 3 1s a section view of a plunger pump according
to a second embodiment of this invention;

F1G. 4 1s a section view of a plunger pump according
to a third embodiment of this embodiment:

FIG. 35 1s a section view of a plunger pump according
to a fourth embodiment of this invention;

F1G. 6 1s a section view of a plunger pump according
to a fifth embodiment of this invention;

FIG. 7 1s a section view of a high pressure plunger
pump according to a sixth embodiment of this inven-
f1011;

FIG. 8 is a section view of a conventional plunger
pump.

THE BEST MODE FOR CARRYING OUT THE
INVENTION

A first embodiment of this invention will now be
described with reference to FIGS. 1A and 2.

Since the same construction as the conventional ex-
ample 1n FIG. 8 has the same numerals, its description
will be omitted.

In FIG. 1A, there is shown a main plunger pump A,
in which a cylinder 1 1s, 1n the proximity of its open end,
provided with a slidable means 16 which is fixed with an
inner wall of the cylinder 1. Numeral 1c is a non-sliding
slight annular gap formed immediately atop the slidable
means 16. More specifically, the slight gap 1c¢ is formed
between the inner wall of the cylinder 1 and the outer
wall of the plunger 2, and its thickness is preferably
from 0.1 mm to 1.0 mm.

Numeral 6 1s an annular manifold groove which is
formed at a lower end of the slight gap 1c. Numeral 7 is
a subpipe as a discharge pipe directly communicated
with the manifold groove 6. The subpipe 7 is connected
to a small-sized subpump 8. Numerals 7@ and 7b are
non-return valves and numeral 7c¢ is a discharge pipe
diverged from the subpipe 7.

Numeral 80 i1s a connecting rod which is connected to
a crank shaft 8a. The crank shaft 8a is integrally associ-
ated with the crank shaft 3 of the main pump A.

A function of this embodiment will now be described.

When the plunger 2 is depressed by the crank shaft 3,
the liquid 1s sucked through the sucking pipe 4 and
supplied into the sucking chamber 12 as shown in FIG.
1B.

In synchronizing with the main pump A, the sub-
pump 8 1s also depressed, so that the sucked liquid is
supplied to the discharge pipe 7 and the interior of the
subpump 8 by way of the slight gap 1c¢ and the manifold
groove 6 respectively.
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Subsequently, at the moment the plunger 2 ascends,
the liquid in the sucking chamber 1q is discharged from
the discharge pipe 5, and the liquid sucked in the sub-
pump 8 1s discharged from the diverged discharge pipe
Tc. The aforesaid process is repeated continuously.

On the other hand, the contaminants i.e. worn mat-
ters which have occurred from the slidable means 15 are
mixed with the liquid existing in the lower position of
the small gap 1c, but such contaminated liquid is com-

pletely discharged from the subpipe 7 by operation of 10

the subpump 8. Accordingly, the liquid existing in the
sucking chamber 1a of the main pump A is never con-
taminated by such contaminants, and while keeping its
high purity, it is discharged from the discharge pipe 5.

The hiquid discharged from the diverged discharge
pipe 7c is returned to the sucking pipe 4 by way of a
filter as illustrated in FIG. 1C.

FIG. 2 shows a condition, in which the plunger pump
in FIG. 1A is inverted up to down. The plunger pump
in FIG. 2 is applied for feeding a slurry or a liquid
containing hard powders.

The reason why the plunger pump is inverted up to
down is to prevent the fine particles or the like from
being penetrated into the gap 1¢ by their own weight.

The operation of the main pump A and of the sub-
pump 8 1s the same as that in FIG. 1A, but the operation
of the non-return valves 7a, 76 are different. Namely,
the subpump 8 performs the function to supply the
liquid (normally water) from the outside, but not to
discharge it.

A second embodiment of this invention will now be
described with reference to FIG. 3.

In this embodiment, the annular manifold groove 6 is
communicated with two subpumps 8, 81 by way of the
subpipe 7 and a second subpipe 71.

Numeral 81 is a second subpump connected to a sec-
ond crank shaft 81a which is integrally associated with
the crank shaft 3 of the main pump A.

As shown in FIG. 3, the construction in FIG. 3 has a
symmetrical configuration. Therefore, when the main
pump A, the subpumps 8 and 81 are operated, the liquid
1s constantly supplied in the manifold groove 6, and
continuously discharged from the subpipes 7, 71. Ac-
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cordingly, since the liquid within the sucking chamber 45

1a of the main pump A is completely separated from the
liquid contaminated by the contaminants occurring
from the slidable means 15, the former is surely pre-
vented from being contaminated by the contaminants.

Further, when operating the non-return valves 7a, 76,
Tla and 71c in a reverse direction or when using strong
acid or the like for the recycling purposes, a small quan-
tity of water can be constantly supplied from the sub-
pumps 8, 81.

Still further, the subpumps 8, 81 may be operated
independently without interconnecting with the main
pump A.

A third embodiment of this invention will now be
described with reference to FIG. 4.

In this embodiment, the intercepting stream flowing
in the manifold groove 6 and the subpipe 7 is formed
without employing any pump for the discharge pur-
pose.

In FIG. 4, numerals 9 and 10 are a relief valve and a
needle valve respectively. The relief valve 9 is actuated
in accordance with the internal pressure of the main
pump A, whereby the liquid flowing in the manifold
groove 6 can be discharged outside the main pump A.
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A fourth embodiment of this invention will now be
described with reference to FIG. 5.

Used 1n the plunger pump according to this embodi-
ment 1S a concentrated sulfuric acid having a high tem-
perature of 120° C. It is sucked into the sucking cham-
ber 1a through the sucking pipe 4 and discharged from
the discharge pipe S.

This embodiment is characterized in that the annular
manifold grooves 6 are perforated on the inner surface
of the cylinder in a two-stage form and two containers
9 and 9a are disposed.

More specifically, the upper manifold groove 6 is
communicated with the subpump 8 by way of the sub-
pipe 7, while the lower manifold groove 6 is, by way of
the second subpipe 71, communicated with the second
subpump 81 carrying out a reciprocating movement
contrary to the main pump A.

A first container 9 is communicated with the sub-
pump 81 by way of a diverged discharge pipe 71e, while
a second container 9a is, by way of a pipe, connected to
the first container 9 to receive the liquid storing at the
upper part thereof. A bottom of the first container 9 is
connected to the subpump 8 by way of a pipe 74.

Numeral 714 is a cooling means disposed along the
discharge pipe 71 to cool a part of the high temperature
sulfuric acid discharged from the lower manifold
groove 6. Stored 1n the first container 9 is a cooled inert
liquid having a high specific gravity (e.g. “KRYTOX'-
'—trade—mark—made by Du Pont Company).

When the high temperature sulfuric acid is sucked
into the sucking chamber 1a by operation of the main
pump A, the cooled inert liquid in the first container 9
1s supplied into the upper manifold groove 6 by way of
the pipes 7d, 7c, the non-return valves 7a, 7b and the
subpipe 7. Then, a slight amount of high temperature
sulfuric acid coming from the gap 1c is mixed with the
inert liquid, and supplied into the lower manifold
groove 6. Subsequently, by operation of the second
subpump 81, the mixture is supplied into the first con-
tainer 9 through the subpipe 71. Then, it is cooled by the
cooling means 71d.

The tnert liquid having a high specific gravity is sunk
at a lower part of the first container 9, while a certain
amount of sulfuric acid remains at an upper part thereof.
When the latter reaches a certain level, it is supplied to
the second container 9a.

Accordingly, the slidable means 15 is entirely inter-
cepted by an intercepting stream of the inert liquid
“"KRYTOX?”, so that it is released from the penetration
of the sulfuric acid thereinto. Thus, when the inner wall
of the cylinder 1 except for the slidable means 15 is
coated with a strong acid proof material (e.g. a fluoro-
carbon resin coating), the cylinder 1 is free from any
corrosion by strong acid. __

It 1s not necessary to coat the surface of the slidable
means with such a fluorocarbon resin material which
has a weak proof, because the intercepting stream pre-
vents the sulfuric acid 16 from penetrating into the
slidable means 15.

FIG. 6 shows a fifth embodiment of this invention, in
which the two subpumps 8 and 81 carry out a recipro-
cating movement contrary to that of the main pump A.
Namely, the crank shaft 8z connected to the main pump
and the two subpumps have a symmetrical construction.
The other construction is the same as that of the fourth
embodiment.

When making use of an active liquid lighter than the
liquid which is employed in the aforesaid embodiments,
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the whole construction in FIG. 6 is preferably inverted
up to down.

A sixth embodiment of this invention will now be
described with reference to FIG. 7, in which a high
pressure plunger pump is employed.

In FIG. 7, symbol A denotes a high pressure plunger
pump driven by an air cylinder B. The annular manifold
groove 6 formed on the inner wall of the cylinder 1, the
discharge pipe 7 communicated with the annular mani-
fold groove 6, and other basic components are the same
as the previous embodiments.

The air cylinder B is operated by reciprocating a
plunger B1 which is driven by a high pressure air that is
produced from an air source C by means of a pump B4.

Since the plunger 2 of the high pressure plunger
pump A is linked with the plunger B1 of the air cylinder
B by the connecting rod 24, the former is reciprocated
in synchronization with the reciprocal movement of the
latter. The diameter of the plunger B1 is larger than that
of the plunger 2, so that a high pressure can be pro-
duced in the high pressure pump A.

The connecting rod 2a is provided with a rack means
which is engaged with a pinion P1. When the connect-
ing rod 2a is reciprocated, the pinion P1 and the pinion
P2 engaged therewith are rotated. Then, in synchroni-
zation with the plunger 2 of the pump A, a plunger 8a
of the subpump 8 is reciprocated by a reciprocal move-
ment of a crank shaft 86 connected with the pinion P2.
Under such circumstances, any contaminants within the
cylinder can be discharged from the discharge pipe 7.

In FIG. 7, symbol A1 is a sucking/discharge pipe of
the liquid and symbol A2 is valve means for sucking and
discharge. Symbol B2 is a return spring of the plunger
B1, and symbol B3 is a hole for discharging air.

INDUSTRIAL UTILITY

~ As discussed previously, according to this invention,
the sucking chamber and the slidable means are inter-
cepted from each other by the intercepting stream
formed therebetween, so that any contaminants i.e.
worn matters occurring from said slidable means are
prevented from being penetrated into the sucking cham-
ber, and discharged outside the plunger pump together
with said intercepting stream.

I claim:

1. A plunger pump comprising:

a cylinder; |

a plunger reciprocating within said cylinder:;

a chamber formed upon a top of said plunger; means,
communicating with the chamber, for providing a
first fluid to said chamber for pumping by the
plunger;

means, communicating with the chamber, for dis-
charging the first fluid pumped by the plunger;

slidable means, fixed upon an inner wall of said cylin-
der in the proximity of an open end thereof, for
etfecting shiding between an outer wall of the
plunger and an inner wall of the cylinder;

means for providing an intercepting fluid stream in-
corporating the first fluid and any contaminants
occurring from said slidable means from the cylin-
der;

manifold means formed about the inner wall of the
cylinder above said slidable means for receiving
the intercepting fluid stream; and

means for discharging said intercepting fluid stream
outside said plunger pump whereby any contami-
nants occurring from said slidable means are pre-
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vented from penetrating into said chamber and are
discharged outside said plunger pump together
with said intercepting fluid stream.

2. A plunger pump as claimed in claim 1, further
comprising: |

a non-sliding gap disposed between said cylinder and

sald plunger and extending from said manifold
means to said chamber:

a discharge pipe communicated with said manifold

means; and

a subpump connected to said discharge pipe.

3. A plunger pump as claimed in claim 1;

wherein said manifold means includes at least one

annular manifold groove;

at least one subpump communicating via at least one

discharge pipe with said at least one manifold
groove;

wherein an intercepting fluid, different from said

fluid pumped by said plunger, is introduced by said
at least one subpump into said at least one manifold
groove.

4. A plunger pump as claimed in claim 2, further
comprising: filter means, associated with said discharge
pipe for intercepting any contaminants in the intercept-
ing fluid stream.

5. A plunger pump as claimed in claim 2, further
comprising: a first crank shaft associated with said

plunger; and a second crank shaft associated with said

~ subpump and coaxially associated with said first crank-

30

35

40

45

50

33

60

65

shaft.

6. A plunger pump as claimed in claim 3, further
comprising: filter means, associated with said at least
one discharge pipe for intercepting any contaminants in
the intercepting fluid stream.

7. A plunger pump as claimed in claim 3, further
comprising: a first crank shaft associated with said
plunger; and a second crank shaft associated with said
subpump and coaxially associated with said first crank-
shaft. .

8. A plunger pump, comprising;:

a cylinder:

a plunger reciprocating within said cylinder;

a sucking chamber formed upon a top of said plunger;

a sucking pipe and a discharge pipe respectively com-
mumicated with said sucking chamber; and

slidable means formed upon an inner wall of said
cylinder in the proximity of an open end thereof,
characterized in that:

said sucking chamber and said slidable means are
intercepted from each other by an intercepting
fluid stream formed therebetween, thereby any
contaminants occurring from said slidable means
are prevented from being penetrated into said
sucking chamber and discharged outside said
plunger pump together with said intercepting
fluid stream, and further characterized in that:

sald intercepting stream passage is composed of at
least one annular manifold groove formed in a
non-sliding gap formed on an inner wall of said

- cylinder:

a pair of subpumps;

a discharge pipe disposed between said at least one
manifold groove and said one subpump; and a
discharge pipe disposed between said pair of
subpumps, thereby a fluid different from a fluid
to be sucked and discharged by said plunger
pump flows into said intercepting stream pas-
sage.
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9. A plunger pump as claimed in claim 8, in which
said Intercepting stream passage is provided with a filter
means, thereby said intercepting stream containing any
contaminants being filtered by said filter means.

10. A plunger pump as claimed in claim 8, in which a
crank shaft of said subpump is coaxially associated with
a crank shaft of said plunger pump.

11. A plunger pump as claimed in claim 5, wherein:
the plunger and the subpump are synchronized in-phase
by the first and second crankshafts.

12. A plunger pump as claimed in claim 3, wherein:

the at least one subpump includes a first subpump and
a second subpump;

the first subpump and the plunger are synchronized
in-phase by a first crankshaft; and

the second subpump and the plunger are synchro-
nized out-of-phase by a second crankshaft.

13. A plunger pump as claimed in claim 2, further

cOmprising:

a first non-return valve interposed in the discharge
pipe between the subpump and the manifold means:
and

a second non-return valve connecting the subpump to
the discharge pipe.

14. A plunger pump as claimed in claim 3, further

comprising:

a first subpipe communicated with said manifold
MEans;

a first subpump connected to said first subpipe;

a second subpipe communicated with said manifold
mearns;

a second subpump connected to said second subpipe;
a first non-return valve interposed in the first sub-
pipe between the first subpump and the manifold
Means;

a second non-return valve interposed in the second
subpipe between the second subpump and the man-
ifold means:

a third non-return valve connecting the first subpump
to a first discharge pipe; and

a fourth non-return valve connecting the second sub-
pump to a second discharge pipe;

wherein the first subpump and the plunger are syn-
chronized in-phase by a first crankshaft: and

the second subpump and the plunger are synchro-
mzed out-of-phase by a second crankshaft.

15. A plunger pump as claimed in claim 2, in which
the plunger pump is applied for feeding a slurry and is
adapted to operate in an inverted up to down position to
prevent particles in the slurry from penetrating the
non-shiding gap by their own weight.

16. A plunger pump as claimed in claim 1, further
comprising:

a relief valve communicating with the manifold
means and actuated in accordance with internal
pressure in the plunger pump; and

a needle valve communicating with the relief valve
for discharging fluid from the relief valve.

17. A plunger pump comprising:

a cylinder;

a plunger reciprocating within said cylinder;

a chamber formed upon a top of said plunger; means,
communicating with the chamber, for providing a
first fluid to be pumped by the plunger to said
chamber;

means, communicating with the chamber, for dis-
charging the first fluid pumped by the plunger;
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slidable means, formed upon an inner wall of said
cylinder in the proximity of an open end thereof,
for effecting sliding between an outer wall of the
plunger and an inner wall of the cylinder;

manifold means formed about the inner wall of the
cylinder above said slidable means for receiving an
intercepting fluid stream whereby any contami-
nants occurring from said slidable means are pre-
vented from being penetrated into said chamber
and are discharged outside said plunger pump to-
gether with said intercepting fluid stream:;

a non-shiding gap disposed between said cylinder and
said plunger and extending from said manifold
means to said chamber;

a discharge pipe communicating with said manifold
means; |

a subpump connected to said discharge pipe; and

filter means, associated with said discharge pipe, for
Intercepting any contaminants in the intercepting
fluid stream.

18. A plunger pump comprising;:

a cylinder;

a plunger reciprocating within said cylinder:

a chamber formed upon a top of said plunger means,
communicating with the chamber, for providing a

first fluid to be pumped by the plunger to said
chamber;

means, commaunicating with the chamber, for dis-
charging the first fluid pumped by the plunger;

slidable means, formed upon an inner wall of said
cylinder in the proximity of an open end thereof,
for effecting sliding between an outer wall of the
plunger and an inner wall of the cylinder;

manifold means formed about the inner wall of the
cylinder above said slidable means for receiving an
intercepting fluid stream whereby any contami-
nants occurring from said slidable means are pre-
vented from being penetrated into said chamber
and are discharged outside said plunger pump to-
gether with said intercepting fluid stream:

said manifold means further including at least one
annular manifold groove;

at least one subpump communicating via at least one
discharge pipe with said at least one manifold
groove wherein an intercepting fluid, different
from said fluid pumped by said plunger, is intro-
duced by said at least one subpump into said at least
one manifold groove;

a first crank shaft associated with said plunger: and

a second crank shaft associated with said subpump
and coaxially associated with said first crankshaft.

19. A plunger pump comprising:

a cylinder:

a plunger reciprocating within said cylinder:

a chamber formed upon a top of said plunger;

means, communicating with the chamber, for provid-
ing a first fluid to be pumped by the plunger to said
chamber: |

means, communicating with the chamber, for dis-
charging the first fluid pumped by the plunger;

slidable means, formed upon an inner wall of said
cylinder in the proximity of an open end thereof,
for effecting sliding between an outer wall of the
plunger and an inner wall of the cylinder:

manifold means formed about the inner wall of the
cylinder above said slidable means for receiving an
intercepting fluid stream whereby any contami-
nants occurring from said slidable means are pre-
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vented from being penetrated into said chamber
and are discharged outside said plunger pump to-
gether with said intercepting fluid stream;

said manifold means further including at least one
annular manifold groove;

at least one subpump communicating via at least one
discharge pipe with said at least one manifold
groove wherein an intercepting fluid, different
from said fluid pumped by said plunger, is intro-
duced by said at least one subpump into said at least
one manifold groove;

the at least one subpump includes a first subpump and
a second subpump;

the first subpump and the plunger are synchronized
in-phase by a first crankshaft; and

the second subpump and the plunger are synchro-
nized out-of-phase by a second crankshaft.

20. A plunger pump comprising:

a cylinder;

a plunger reciprocating within said cylinder:

a chamber formed upon a top of said plunger

means, communicating with the chamber, for provid-
ing a first fluid to be pumped by the plunger to said
chamber;

means, communicating with the chamber, for dis-
charging the first fluid pumped by the plunger;

slidable means, formed upon an inner wall of said
cylinder in the proximity of an open end thereof,
for effecting sliding between an outer wall of the
plunger and an 1nner wall of the cylinder;

manifold means formed about the inner wall of the
cylinder above said slidable means for receiving an
intercepting fluid stream whereby any contami-
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nants occurring from said slidable means are pre-
vented from being penetrated into said chamber
and are discharged outside said plunger pump to-
gether with said intercepting fluid stream;

saild manifold means further including at least one
annular manifold groove;

at least one subpump communicating via at least one
discharge pipe with said at least one manifold
groove wherein an intercepting fluid, different
from said fluid pumped by said plunger, is intro-
duced by said at least one subpump into said at least
one manifold groove;

a first subpipe communicated with said manifold
means;

a first subpump connected to said first subpipe;

a second subpipe communicated with said manifold
mMeans;

a second subpump connected to said second subpipe;
a first non-return valve interposed in the first sub-
pipe between the first subpump and the manifold
means;

a second non-return valve interposed in the second
subpipe between the second subpump and the man-
1fold means;

a third non-return valve connecting the first subpump
to a first discharge pipe; and

a fourth non-return valve connecting the second sub-
pump to a second discharge pipe;

wherein the first subpump and the plunger are syn-
chronized in phase by a first crankshaft; and

the second subpump and the plunger are synchro-

nized out-of-phase by a second crankshaft.
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